The transmission properties of some bacteriorhodopsin-film spatial light modulators are uniquely suited to allow nonlinear optical image-processing operations to be applied to images with multiplicative noise characteristics.
Introduction
Images with multiplicative noise characteristics present special challenges for many applications including optical correlation _ and image restoration. 
Image-Processing Theory and Optical Setup
R(u, v) = S(u, v) ® N(u, v),(3)
Experimental Results
The first image-processing experiment conducted to demonstrate the logarithmic processing capability of the BR film involves an original image composed of two crossed Ronchi gratings. The dynamic range of the image (for transmission to light at 514.5 nm) is 1.5 in density.
The original image and the image transmitted by the BR film are shown in Fig. 5 . The original image appears nearly binary because it is the multiplication of two binary grating patterns. On the other hand the logarithmic image passed by the BR film clearly transmits some light between the brightest areas, which is more representative of an addition of the two gratings. The Fourier spectra of these two images are presented in Fig. 6 . The spectrum of the original image contains cross-term components obtained from the convolution of the two individual grating spectra, and these components do not appear in the spectrum of the transformed image. This is again indicative of an additive image pattern. I next performed a simple image-processing experiment on both images.
Using the system in sented in Fig. 8(a) . The vertical grating is clearly not completely removed from this image because the filter allows transmittance of the convolutional cross terms that still contains information of that image component. However, as seen in Fig. 8(b) , we are able to remove the vertical grating completely from the logarithmic image using this filter. This is because no cross terms are present in the Fourier transform, and thus the vertical grating is completely blocked by the filter while passing the horizontal grating component spectrum. The second experiment performed is similar in that the original image is a binary image of an X multiplied by a horizontal grating pattern. The original and logarithmically transformed images are shown in Fig.  9 .
The original is clearly binary in nature, and the image transmitted by the BR film is again representative of an image composed of an addition of the logarithms of the X and the grating. In the optical system I turned the image on its side such that the X was horizontal and the grating was vertical. This The resulting images as shown in Fig.  10 were rotated 90°after capture, as were the images in Fig. 9 . Because the spectrum of the original image is the convolution of the spectra of the X and the grating, I was not able to remove the grating completely from the image with this filter. ever, in Fig. 10 Figure  3 shows that the dynamic range of the BR-film logarithmic transformation is greater than 2.0 orders of magnitude and should thus be adequate for this purpose. The speckle image that I used in the experiment with filtering speckle noise is shown in Fig. ll(a) . I obtained this by placing the binary X pattern in contact with a transparent random-phase object. The image of the logarithmically transformed pattern transmitted by the BR film after recording is shown in Fig. ll(b) .
The noise in this image is no longer speckle noise but instead has the characteristics of random additive zero-mean noise.
The height:towidth ratio of these images are different from thase in
Figs. 9 and 10 because, as noted previously, I obt_ained the images in the earlier figures by placing the X on its side and then rotating the captured images 90°. The rectangular geometry of the CCD camera pixels accounts for the difference in aspect ratio.
I then filtered both the original and transformed images.
The filter used in both cases was a simple low-pass circular aperture placed at the Fourier plane whose diameter was adjusted to be just large enough to pass the Fourier transform of the X object and to block all higher spatial frequencies. convolution of the noise spectrum with the spectrum of the X object. Instead, this filtering operation merely seems to increase the scale size of the speckle noise in the processed image of Fig. 12(a) .
On the other hand we are able to filter out a substantial amount of the noise from the logarithmically transformed image, as shown in Fig 12( 
